The direct reconstruction approach employs a new iterative procedure by collecting projected trajectory data of selected volume elements of the sample and add them partially up in a reconstruction matrix. Repetitive application solves the problem of reversing the overlap of projected trajectories without Fourier filtering. This avoids the blur effects of the classical Fourier method due to the sampling theorem. But longer computing time is required. Under optimal conditions the spatial resolution of the reconstructed image is better than that of the detector. Any set of projection angles may be selected. Limited rotation of the object yields good reconstruction of details. Projections of a partial region of the object can be reconstructed very well thus reducing the overall radiation dose in medical applications. Noisy signal data have low impact on spatial resolution. The image quality is monitored during all iteration steps and is pre-selected according to the specific requirements. DIRECTT is suitable for any tomography equipment, also in addition to conventional reconstruction or as a refinement filter.
INTRODUCTION
In medical diagnostics and material science computerized tomography provides section images of the inner structure of objects by reconstruction of radiographic projections. In the classical approach the Fourier filtered back projections of the transmission data are computed 1 . This requests the irradiation of an object at numerous angles of a full rotation or at least of 180° in case of parallel beam projections. The Fourier Method, including several refinements for 3-D reconstruction of cone beam measurements (Feldkamp algorithm 2 ), represent the state of the art since several decades. In case of large objects full rotation is often prohibited due to the given sample size and geometry especially if the desired enlargement requires small sample to source distance. The tomographic images are less precise than the spatial resolution of the detector due to the necessary averaging over at least two detector pixel positions (Nyquist's theorem 3 ). The correct imaging of regions of interest requires the irradiation (and reconstruction) of the whole object. In order to overcome these disadvantages a new algorithm without Fourier filter has been created. It is based on iterative analysis of the projection data of sinograms 4 . The new iterative algorithm performs the tomographic reconstruction of projections at the resolution of detector element spacing or better.
RECONSTRUCTION PRINCIPLES
Using parallel beam projections for simplicity, the most predominant sinusoidal trajectory projections of sample elements are selected referring either to their contrast or their intensity as explained by Fig. 1 . Each sinus path corresponds to exactly one element of the reconstruction matrix (image pixel). Fractions of their weight or contrast are added to the calculated image position (reconstruction matrix). The preliminary reconstruction matrix is then projected into a sinogram, which is subtracted from the original one. The resulting residual sinogram is then iteratively treated like the original data set. As soon as the weight of the residual sinogram has become weak enough after sufficient iterations nearly all the sample information is collected into the reconstruction. The remaining sinogram contains exactly the information which was not used for the reconstruction and is therefore a quality indicator. 
MODELING
For testing purposes a C-program has been developed for application on a standard PC to reconstruct a model structure, the "box phantom" containing different density levels, homogeneous areas and the DIRECTT acronym with dotted letters (Fig. 2, left) . From this a sinogram of parallel projections is created to serve as a simulated data set. The linear resolution of the sinogram corresponds to the model pixel size. The conventional reconstruction by Fourier back projection is created for reference (Fig. 2, middle) . The reconstruction by 200 iterations of DIRECTT and the original model are visually identical (Fig. 2, right) . The DIRECTT reconstruction reveals exactly the resolution of the (simulated) detector pixel size (distance). The linear resolution of the conventional reconstruction is two times lower and the gray levels of the fine structures differ considerably.
The quality of the DIRECTT reconstruction raises during the iterative procedure of the algorithm as demonstrated by different numbers of iteration steps ( The information on the quality of the reconstruction is contained in the residual sinogram which appears after each iteration step. The simplest parameters to be extracted for this purpose are the average (weight) and the variance, which contains the information of the fine (high frequency) structure. They can be recorded during the iteration process (Fig. 4) . Thus the reconstruction quality can be monitored and finally pre-selected according to the application requirements. Another advantage of DIRECTT is its capability to reconstruct principally projections of an arbitrary selection of projection angles. For the first case the number of projections is reduced and the rotation intervals are all the same over 180 degree, e.g. 15 projections of 12° separation, 30 x 6° and 60 x 3°. Fig. 5 shows the reconstruction results of both conventional (top) and DIRECTT (bottom). The typical stripe artifacts are absent in the new method and details much sharper. Another case of an incomplete set of projections refers to projections from a limited sector of projection angles. This is relevant to applications, where full sample rotation is not possible due to geometrical limitations. Fig. 6 shows such a series of reconstructions comparing conventional (top row) and DIRECTT (bottom). The angular increments are one degree and the angular sector length varies from 60° to 170°. Although the DIRECTT algorithm cannot avoid all artifacts in case of small projection sectors, fine details like the dotted letters are well reconstructed from a 90° angular range. The density levels of homogeneous areas are also well reconstructed, even if the geometry of the edges is distorted. Another essential issue relates to the possibilities to expose selectively only a region of interest of a sample and reconstruct this without the well known disadvantages of the conventional Fourier method. This is interesting for the purpose of magnification inside undesired large objects or as well as to avoid an unnecessary irradiation in medical applications. Fig. 7 demonstrates the capabilities of DIRECTT to reconstruct precisely the density and structural details of a region of interest without exposing the hole sample. The capabilities for reconstructions of noisy projection data are of further interest. Fig. 8 demonstrates white noise added to the sinogram of the model. In relation to the maximum density level inside the phantom 25 %, 100 % and 500 % of noise is added and conventional and new reconstructions are compared. The DIRECTT reconstructions retain the sharp edge contrast, although considerable noise appears within the homogeneous areas. This is of course to be judged considering the higher spatial resolution. The noise has no direct influence on the spatial resolution as the reconstruction procedure averages the sinogram data directly over the projection angles, not over the projection coordinate. High resolution tomographic reconstructions far beyond the detector resolution can be achieved by the DI-RECTT procedure, if the experimental conditions are appropriate, that is low noise, exact knowledge of the magnification, precise position of rotation axis, stable rotation axis and sufficient projection angles. As an example modeling of cone beam projection data demonstrates this capability. The model structure of Fig. 9 , left is employed to create a sinogram of 720 projections by binning two detector elements in such a way that two magnified pixels of the model have the size of one detector element. The sinogram of Fig. 9 therefore shows no marked fine structure from the dotted area. As to be expected the Fourier filtered back projection (1 slice of Feldkamp reconstruction) does not reach the resolution of the model, not even the resolution of three model pixels. The DIRECTT algorithm resolves clearly the fine structure of the model, which corresponds to half the detector resolution (Fig. 9, right) . 
EXPERIMENTAL RESULTS
In order to evaluate the experimental performance of the new reconstruction algorithm, the projection data of parallel beam projections are selected from a three-dimensional measurement of a metal matrix composite (MMC) sample. A 3.6 mm cylinder of Ti matrix containing 140 µm ceramic mono-crystalline SiC fibers MMC (MTU Aero Engines) is investigated by monochromatic 39 keV parallel Synchrotron radiation. 360 projections at 1° steps are extracted from a line of a two-dimensional Detector representing a radial section of the cylinder. The intensities are registered on 1240 pixels of 6 µm size by the florescent screen of a CCD camera. Details of the composite microstructure are given by the SEM micrograph (Fig. 10, top, left) . The fibers have a 10 µm carbon core and a 10 µm carbon coating which are the details to be imaged. Fig. 10 shows the conventional Fourier back projection and Fig. 11 the image of the DIRECTT procedure for comparison. Although only 80 % of the integral density of the sinogram has been reconstructed by 64 iterative cycles (reconstruction time of several hours; program not optimized) the contrast as well as the densities of the new type reconstruction are much more precise. As demonstrated above, some noise from the low intensity measurement is reconstructed. However this does not effect the essentials severely. 
DISCUSSION AND CONCLUSION
The given results on reconstructions from models and measurement data represent a preliminary state of experience with the new iterative reconstruction principles of DIRECTT. The presented reconstructions are all performed by a controlled combination of density and contrast selections of projection trajectories and some (smoothing) filters. In all discussed cases the advantages over conventional reconstructions are obvious. The resolution of the detector pixels is achieved in most cases or it is surpassed. Further advantages relate to the possible compensation for differing individual detector pixel response and to the option of selective handling of non-isotropic sample response (not investigated here), as all positions of the sinogram can be addressed individually. Also the principles of iteration permit to step into the process at an arbitrary level of reconstruction.
Thus further image refinement can be performed after previous conventional reconstruction. There is also a considerable potential for reconstructions far beyond detector precision. For 3D measurements the DIRECTT algorithm has a high potential as the three-dimensional projections of trajectories from very divergent cone beam projections could be reconstructed directly without major approximations.
